Warner's randomized response (RR) model is used to collect sensitive information for a broad range of surveys, but it possesses several limitations such as lack of reproducibility, higher costs and it is not feasible for mail questionnaires. To overcome such difficulties, nonrandomized response (NRR) surveys have been proposed. The proposed NRR surveys are limited to simple random sampling with replacement (SRSWR) design. In this paper, NRR procedures are extended to complex survey designs in a unified setup, which is applicable to any sampling design and wider classes of estimators. Existing results for NRR can be derived from the proposed method as special cases.
Introduction
In epidemiological, medical and sociological surveys among others, information is often collected on highly sensitive issues such as induced abortion, HIV/AIDS, drug addiction, domestic violence and cheating in examination, etc. In such situations, direct response (DR) surveys where sensitive questions are asked directly to the respondents, the respondents often provide wrong answers, or refuse to answer because of social stigma and/or fear. Under such circumstances the randomized response (RR) techniques may be used to collect more reliable data, protect respondents' confidentiality and avoid unacceptable rate of nonresponse. The RR technique was introduced by Warner (1965) . Warner's technique was later modified by Horvitz et al. (1967) , Greenberg et al. (1969) , Raghavrao (1978) , Franklin (1989) , Arnab (1990 Arnab ( , 1996 , Kuk (1990) and Rueda et al. (2015) to increase co-operations from respondents and improve efficiencies of the proposed estimators. The applications of the RR technique to real life situations were reported by many researchers: Greenberg et al. (1969) 68 R. Arnab, D. K. Shangodoyin, A. Arcos: Nonrandomized response… with regard to illegitimacy of offspring; Abernathy et al. (1970) concerning incidence of induced abortions; Goodstadt and Gruson (1975) concerning drug uses, Folsom et al. (1973) concerning drinking and driving; and Arnab and Mothupi (2015) concerning sexual habits of University students.
In all randomised response models proposed in the literature, respondents have to perform randomized response experiments using devices such as spinners, the drawing of cards and the drawing of random numbers. So, in a survey involving RR methods, the investigators have to describe the methods and supply randomized devices to the respondents, which make the survey more expensive and time consuming rather than the direct response surveys. Tan et al. (2009) pointed out a few further limitations of RR which include (i) lack of reproducibility in the sense that the same respondent may provide different response depending on the outcome of the RR trial, (ii) uneven implementation of RR devices, which make it difficult to convince the respondents that their privacy is protected, (iii) some of the questions are alternative to sensitive questions (e.g. Warner (1965) model) and (iv) unfeasible for mail questionnaire. To overcome some of the aforementioned difficulties, nonrandomized response (NRR) model was proposed by Tian et al. (2007) , Yu et al. (2008) , Tan et al. (2009 ), Tian (2014 among others. In the proposed NRR models, independent non-sensitive questions were used to obtain indirect answers on sensitive issues. Obviously, NRR models reduce costs and are feasible for mail questionnaire. Tan et al. (2009) and Tian (2014) reported that the NRR model is more efficient than the RR model for estimating population characteristics. NRR techniques in real life surveys were used by Tang et al. (2014) to investigate homosexual experience among college students; Tian (2014) to investigate sexual behaviour and on plagiarism; and Wu and Tang (2016) to investigate pre-marital sex experience.
All the NRR models available in the literature are limited to simple random sampling with replacement (SRSWR) sampling design only. However, in practice most surveys are complex and multi-character surveys. A sampling design other than simple random sampling is called a complex sampling design. Complex sampling often involves clustering, stratification and unequal probability sampling among others, while in multi-character surveys information of more than one character is collected at a time. Some of the characters are of a confidential nature and others are not. CSO (2009) to collect data relating to sensitive issues such as sexual behaviour along with non-sensitive items such as socio-economic conditions.
In this paper, we have extended Tian (2014) NRR model called "The parallel model" for estimating population characteristics when the data is collected using complex survey designs. The estimator of the population proportion, its variance and unbiased estimators of variances of the estimators are derived in a unified setup, which is applicable to any sampling design and estimators. The estimators of the population proportions, their variances and unbiased estimators of the variances for the existing NRR models can be obtained from the proposed method as special cases. It was found that under the SRSWR sampling, both the estimator and variance of the estimator of the population proportion for the Greenberg et al. (1969) and Tian (2014) are the same. However, for the simple random sampling without replacement (SRSWOR) estimators of are the same while the variance of Greenberg et al. (1969) estimator is higher than the Tian (2014) estimator. Two pioneering RR techniques are described below.
Warner's model
In Warner's (1965) pioneering method, a sample of size n was selected from a population by SRSWR method. Each of the respondents selected in the sample was asked to draw a card at random from a pack of well scaffolded cards consisting of two types of cards with known proportions and identical in appearance. Card type 1, with proportion 1 ( 1 / 2) P  contains the question "Do you belong to the sensitive group A ?" while card type 2 with proportion 1 1 P  contains the question "Do you belong to group A ?" where A is a sensitive group such as HIV positive and A is the complement of group A (HIV negative). The respondent will supply a truthful answer "Yes" or "No" for the question mentioned in the selected card. The experiment is performed in the absence of the interviewer and hence the privacy of the respondent is maintained because the interviewer will not know which of the two questions the respondent has answered (See Arnab, 2017). Greenberg et al. (1969) modified Warner's method by incorporating a sensitive question (character y ) along with a non-sensitive question (character x ). In this method, a sample of n units is selected by SRSWR method and each of the respondents selected in the sample has to pick a card at random (unobserved by the interviewer) from a pack containing two types of identical cards with known proportions as in Warner's model. The type 1 cards bear the sensitive question "Do you belong to the sensitive group A ?" with proportion Tian (2014) proposed the following NRR model called "The parallel model", where the respondents need not require RR devices to provide responses. In this parallel model, respondents fill the questionnaire themselves unobserved by the interviewer. The questionnaire is a mixture of sensitive and non-sensitive questions. The parallel method is described below. ( 1) w  .The respondent should provide the answer "Yes" or "No" without disclosing which question he/she has answered. Hence, the confidentiality of the respondent is maintained.
Greenberg et al. model

Tian's NRR model
For example, the questions 1 Q and 2 Q are as follows: 1 Q : Are you a vegetarian? 2 Q : Are you HIV positive?
Sampling design and methods of estimation
Tian (2014) used SRSWR method of sampling for the selection of a sample. Let n be the number of respondents selected and ' n be the number of respondents who answered "Yes". Here, the probability of obtaining "Yes" answer from a respondent is
Noting that ' n follows binomial distribution, Tian (2014) obtained an unbiased estimator of
where ˆ' / t nn   = proportion of "Yes" answers.
The variance ˆt y  is given by
Parallel models for Complex survey designs
In this section we propose a methodology of estimating population proportion of a sensitive characteristic of a complex multi-character survey design where the data of the sensitive characteristic is collected by using the parallel method.
Consider a finite population {1,.., ,.., } U i N  of N units from which a sample s of size n units is selected with probability () ps using a sampling design P . Let Under the parallel model, if a respondent belongs to the group W , he/she answers the question 1 Q . In this case if the respondent's birthday falls between 01 and 15th day of a month, the respondent provides "Yes" answers with probability one. Otherwise if the respondent is born after 15th day of a month, the respondent supplies "No" answers with probability 1. Hence,
Similarly, if a respondent belongs to the group W , then the respondent answers the question 2 Q . In this case the respondent answers "Yes" with probability one if he/she belongs to the sensitive group A (HIV positive). On the other hand, if the respondent belongs to the complementary group A (HIV negative), then he/she supplies response answer "No" with probability one. Hence, in this cas 
Here, we propose a linear homogeneous unbiased estimator of Z as 
The above results lead to the following theorem. (ii) The variance of ˆy
We now present expressions of ˆy  , 
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The expression of the variance of and its unbiased estimators are obtained from the Theorem 3.1 as follows: 
Probability proportional to size with replacement (PPSWR)
Let a sample of size n be selected from the population by PPSWR method using normed size measure 
Simple random sampling with replacement (SRSWR)
The PPSWR sampling scheme reduces to SRSWR sampling scheme if . From the h th stratum, a sample h s of size h n fsus is selected by using a suitable sampling scheme with |ℎ and |ℎ as inclusion probabilities for the i th, and i th and ( ≠ )th fsus. If the ith fsu is selected in the sample h s , a sub-sample hi s of size hi n ssus is selected from it by using a suitable sampling scheme with inclusion probabilities |ℎ and |ℎ for the k th, and k and ( ≠ )th ssus. We denote the j th ssu of the i th fsu of the h th stratum as hij th unit. We define the following notations similar to the Section 3. 
Comparison with Greenberg RR model
Consider the Greenberg et al. (1969) (ii) The variance of ̂ is
Noting that =
, as x and y are independent, we obtain Here, we note that for the SRSWR sampling, the expressions ̂ and ̂(̂) of the Greenberg et al. (1969) Consider the situation where a sample s of size n is selected by the SRSWOR method and from each of the selected respondents randomized responses were obtained by using Greenberg et al. (1969) RR technique. Let = ̅ = ∑ ∈ / denote the proportion of "Yes" answers in the sample. In this case we have the following results: 
